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PRELIMINARY REPORT THE COMMITTEE 
THE PROPER RELATION EACH OTHER 
THE SECTIONS RAILWAY WHEELS AND 
RAILS. 


the President and Members the American Sociely Civil Engineers 

Your Committee whom was referred the question raised the 
subjoined resolution* have been greatly impeded pressure other 
duties from holding such meetings and giving the matter such study 
would warrant the submission final report the first instance, 


The Committee acting under the following resolution: 

«« Whereas, The relation which the form of the head of a rail should bear to the section 
of a car-wheel tread and flange has recently been in dispute, it being asserted on the one 
hand, that they should have as long a line of contact as possible, and, on the other hand, that 
such long contact would be dangerous and injurious; and, 

Whereas, The question raised by this diversity of view is of direct importance to the 
many members of this Society, as well as to the public interest, and hence is one which this 
Society may appropriately consider through Committee; therefore be it 

Resolved, That a Committee of five members of this Society be appointed by the President 
to consider and report to the Society on the proper relation to each other of the sections of 
rails and wheels; to what extent and at what points it 1s expedient that their sections should 
be such as to bring them normally in contact, and to what extent and at what points it is not 
expedient that they should be so in contact; and that the Committee be instructed to seek 
information from all those who are known to have given the subject attention.” 

‘This resolution was submitted to letter ballot and adopted by a general vote of the 
Society. Subsequently, by vote at the annual meeting, the President was authorized to add 
two additional members 
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and view the importance the question raised seems unde- 
sirable any case until the information which they have 
collected and the conclusions which seem indicated have been 
submitted for discussion, with the probable result bringing out fur- 
ther information bearing the matter. They therefore submit the 
following preliminary progress report, postponing later date the 
preparation final report giving conclusions. 

Your Committee understand the question submitted them 
substance this: preferable that the sections rail and wheel 
should stand each other the relation shown Fig. which the 
fillet the flange larger radius than the corner the rail, 
that the rail and wheel can only come contact the top ata 
single point the corner, desirable that the radii the flange- 
fillet and rail corner should the same, also the radii the inside 
half the rail-top and the corresponding part the wheel-tread, 
that the two shall normally contact with each other over the entire 
distance from both curves and tangents, shown Fig. 


whenever the flange approximates the wheel all. 


Summarizing these impartially may be, claimed behalf 
the form shown Fig. 


Fig. 


First.—That the customary and most common form, and has 
the burden proof its favor, being now almost universal. 
Second.—That the most practically convenient and attainable 
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form, since does not require the radii either fillet rail corner 
always the same, whereas the conditions Fig. are only attainable 
universal agreement make both rails and wheel always the 
same radii. 

Third.—That the form least wear, since tangents and 
the inside rail curves there purely rolling contact top, and 
curves almost purely rolling contact the corner the rail, 
whereas Fig there rubbing flange friction both curves 
and tangents, which produces excessive wear from the beginning 
the life the rail, such can only exist Fig. old outside rails 
curves after they have been much flange worn, Fig. below. 

the safer form, that the flange will not 
readily mount the rail. 

Fifth.—That the form the rail not matter fact cause for 
sharp flanges any appreciable extent. 

even were, the loss sharp flanges small one, 
indeed there any. 

behalf the form shown Fig. claimed: 

First.—That the form shown Fig. offers too little bearing sur- 
face, which desirable increase. 

Second.—That the form shown Fig. cause for sharp flanges, 
which removed making the fillet and rail corner exactly fit each 


6" Rad. 


Fig.2 


Third.—That the loss from sharp flanges serious demand 
remedy. 
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Fourth.—That extra wear extra danger derailment will result 
from the form shown Fig. outweigh its alleged advantages. 

Your Committee have collected quite body statistical informa- 
tion relating the question submitted, much more, they apprehend, 
than has ever been collected relation the question before, includ- 
ing some quite novel character specially compiled for them, which 
sheds great deal light it. This especially true the records 
the Pennsylvania Railroad, which from the many years (ten) and 
vast number wheels which they cover, are quite unequalled value 
for the purpose view. Their completeness has also enabled your 
Committee trace its source error great magnitude and im- 
portance regard the proportion sharp flanges the Pennsyl- 
vania and other roads, which appears have had good deal 
influence creating the antagonism views which led the appoint- 
ment your Committee. 

They have their investigation, and the following report, 
under the following heads: First, Historical; second, Statistical; third, 
Theoretical; fourth (to given final report), Summary conclu- 
sions. 


History ACTION THIS 


Your Committee have not been able discover that the doctrine 
that the rail and fillet radius should correspond has ever been advanced 
any authoritative way until within the past few years. The first 
formal action that effect was brief report Committee the 
Master Car Builders’ Association 1883, who stated that they were 
opinion that far the greatest cause sharp flanges” 
was the sharp corners the rails, and recommended that the rail 
rounded off radius, exactly fit the flange.” The 
conclusions previous Committee, that sharp flanges were due 
special defects truck and wheels, bad wheels, trucks not 
square, wheels not the same diameter, overloading side bearings, 
unequil loading car, imperfect chilling, were enumerated 
secondary causes, 

action beyond receiving was had this report, but immedi- 
ately thereafter Mr. Forney, Am. Soc. E., Secretary 
the Association, took the matter elaborate paper presented 
the 1884 Convention, information for which was gathered circular 
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the name the Association and which was (in effect) endorsed and 
accepted the above-mentioned Committee giving their views and 
relieving them the necessity making report. 

This paper has been very widely circulated. Officers Mainte- 

nance Way were formally invited attend and take part its dis- 
cussion, and your Committee have reason believe that this paper and 
resulting action thereon has largely given rise the unfounded impres- 
sion, which nevertheless widespread, that the Master Car Builders’ 
Association, body, has acted this matter, and that the paper was 
quasi official protest their part against the bad form rails. This 
not the case. 
about the date this paper the Pennsylvania Railroad changed 
their standard round cornered rail, and one two other roads 
followed suit. Several years previously, 1883, the Lehigh Valley 
Railroad adopted what now their standard section, and generally 
known the Sayre rail, designed Mr. Robert Sayre, 
regard his reasons therefor states letter member your 
Committee: 


sharp cornered rail attacks the wheel its most valuable 
point, and while the rail being worn down conform the normal 
shape the wheel, you are ruining the wheel, which costs more per ton 
than the rail, cutting through the chill and wearing the flange 
straight. Carefully kept records the Pennsylvania Railroad for 
period five years, while they used sharp cornered rail section, 
showed that per cent their removed were worn through the 
chill throat had straight flanges. had records kept the 
Lehigh Valley Railroad for three years, and found the loss from the 
same cause was less than per cent.” 


Passing for the present the questions raised the first part this 
quotation,* the substance the closing sentence has been repeatedly 
alleged various persons the discussions the Master Car Build- 


* It may perhaps be well that your Committee should here note, however, that the first 
sentence above, in respect to *‘ the rail being worn down to conform to the normal shape of 
the wheel ’’ does not seem to conform to the facts of experience, as evidenced by the accom- 
panying sections of worn rails (Figs. 32 and 33), reproduced from Mr. Forney’s paper, be 
fore referred to. Fig. 32 is from a rail laid on tangent on the Philadelphia and Reading 
Railroad in 1875, and taken up in 1882, after about 105,(00,000 tons had passed over it. 
Fig. 33 is from a similar rail laid in 1867, after 176,000,000 tons had passed over it. In both 
cases it will be seen that the original round corner has worn down to a very sharp corner. 
obvious that fact the case that the rail corner tends cause sharp flanges 
wearing away the fillet to a smaller radius, the tendency of the flange fillet should be to wear 
off the rail corner to a larger radius; yet the two rails shown, made with the original corner- 
radius nearly as large as the flange fillets, for the express purpose of avoiding wear in the 
latter, have worn down to about as small corner radii as are ever used in new rail sections. 
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ers’ Association and elsewhere, and your Committee think there reason 
believe that this one supposed contrast statistics has had very 
great influence with many persons and much the action had, 
favor round-cornered rails fit the flange. They have therefore in- 
vestigated its truth with all possible care, and find that founded 
entire misapprehension, the error being that the per cent. worn- 
out rails only the Pennsylvania compared with the per cent. all 
wheels the Lehigh Valley. The correct figures, which appear this 
report, and which have never been print even collected manu- 
script before, indicate that the Lehigh Valley percentage not now and 


(Full Size.) 


Worn rails, Philadelphia and Reading Railroad, showing tendency of round-cornered 
rails to wear sharper. 


Fig. 
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has never been lower than the Pennsylvania, and (apparently) that 
both roads the percentage sharp flanges has increased very ma- 
terially since the adoption the round-cornered sections. 

The paper Mr. Forney, before referred to, while quite elabo- 
rate other ways, bases the conclusion that the radii rail and 
fillet should correspond the following argument only 


the maximum weight carried car-wheels now from 000 
000 pounds, the bearing surface must subjected pressures from 
000 000 pounds per square inch. therefore not surprising 
that they are rapidly worn away, there principle mechanics 
more firmly established more certain the wear surfaces 
frictional rolling contact inverse proportion their area. 
Therefore, should increase the area the surfaces the wheel and 
the rail which contact, the capacity both for resisting wear will 
increased. this their forms must made correspond 
each other. other words, the treads and flanges wheels should 
made the same shape the heads the rails.” 

Postponing for the present further discussion this argument than 
say, first, that neglects the question whether the recommended 
course will not substitute mixed rolling and sliding friction for purely 
rolling contact, and materially change the nature the problem, and 
second, whether the pressures named are really injurious for the bearing 
surfaces wheels and spheres, because they are undoubtedly for the 
bearing surfaces prisms, which have greater section anywhere 
than their bearing surface, your Committee present full, only 
scientific argument which has ever been made public, their knowledge, 
favor doctrine which has obtained such wide currency 
acted practically several our leading lines. Your Committee 
now proceed summarize the statistical facts which they have collected 


regard the wear rails and wheels affected their forms. 
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this question, also the far more directly important question 

comparative mileage life, your Committee have collected the informa- 

tion, which appears the accompanying tables and subjoined appen- 
dices, being much seemed all necessary for the purpose. 

The relative percentage sharp flanged wheels needs con- 
sidered connection with statistics comparative mileage, 
shortly presented, and also remembered and allowed for that 
there much irregularity classification. This especially conspicuous 
steel-tired wheels. Thus, the Boston and Albany and Lake Shore and 
Michigan Southern report sharp flanges whatever among steel-tired 
wheels. the other hand, the Chicago, Burlington and Quincy 
reports per cent., although the mileage these sharp-flanged 
wheels higher than any other. 

The total per cent. sharp flanges reported, out wheels removed 
for all causes, may said range from per cent. passenger 
service, and from per cent. freight and engine service. The 
following are few definite figures 


TABLE No. 


ToTAL REMOVED VARIOUS RAILROADS. 


Per Cent. Sharp Flange 


Wheels. 
Passenger. Freight. 
Chicago, Burlington and Quincy........... 1885 6.4 21.5 
(steel tired wheels).... 1885 47.3 
New York, Lake Erie and Western .........| 1884 5.8 


Many the irregularities this table, notably for the Chicago, 
Burlington and Quincy, are due peculiarities classification, but 
further precision more elaborate summary appears unnecessary 
view the following facts relative mileage life. 


* Estimated, by taking one-fourth of the per cent. of worn out wheels only, which is about 
the ratio of the Pennsylvania returns, which give both percentages. 
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Your Committee find clearly indicated from all the data which 
they have collected, and part append this report, that the average 
mileage life wheels removed for sharp flanges very decidedly above 
the average life all wheels, and even, with one partial exception, 
the highest among the various causes for removal wheels worn out 
legitimate wear only. This assuming the quality the wheels 
fair good quality. the quality the wheel falls below this average 
quality (which includes, perhaps, three-quarters seven-eighths all 
the cast wheels the United States), the statistics shortly pre- 
sented will show that the percentage sharp flanges very rapidly in- 
and may well (although your Committee have evidenee 
that fact) that the relative mileage life sharp flange wheels less, 
since bad wheels are particularly apt soft the fillet chill. 

The most valuable and decisive evidence relative mileage life 
are the returns the Pennsylvania Railroad, shown Table No. and 
others, since they cover period time (1878-87, ten years) and 
large number wheels, during which time rigid, minute and uniform 
system classification has obtained. The main part this record covers 
only wheels which have failed wear from legitimate causes, excluding 
all flat” wheels (which covers from per cent. all re- 
movals under the rigid Pennsylvania inspection), also all wheels 
removed for any cause fit for refitting freight (20 per cent. all 
removals), and also wheels removed cracked broken (less than 
per cent. the total). The average mileage these excluded wheels 
is, course, vastly lower than those which are included, which fail from 

Those which fail legitimate wear only, are sub-classified under 
flat terms which measure explain themselves, and 
imply more less imperfection the wheel; Worn flange,” 
under which head are included all wheels ordinarily classed sharp 
flanged; Hollow flange,” wheels worn tread close the flange, 
but not cut into the flange abnormally; Hollow from 
flange,” which means wheels worn deepest the tread away from the 
flange, and presumably mated with wheels which run flange. 
these added very small class miscellaneous. 

The comparative service which wheels removed for each these 
defects have rendered the Pennsylvania Railroad for the past ten 
years given detail the Appendix, and summarized the follow- 
ing Table No. the significance and importance which, respects 
the question now under discussion, your Committee think would 
difficult exaggerate. They are not aware that any similar statistics 
have ever been computed made public before. 
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TABLE No. 


Worn for each Leading Cause Removal. Pennsylvania Rail- 
1878-86, inclusive. Wheels Removed Cracked, Broken 
Flat from sliding excluded. 


000 miles. 


Shelled | 
Out. 


Worn Worn Hollow Hollow 


Comby. Seams. Flat. Flange. | at Flange. from Flange. 


1878 | 73.20 77.13 83.05 91.13 
1879 80.97 90.28 
1880 53.59 86.75 85.51 93.32 
1881 46.89 60.69 76.17 80.99 
1582 61.01 66.13 74.84 71.35 
1883 64.17 72.07 71.70 70.80 
1885 71.72 73.93 73.27 82.85 
1886 72.64 77.98 75.37 75.01 
Average..... 71.29 62.12 64.88 73.11 78.72 75.55 81.81 
PASSENGER, 
1878 65.87 50 
1879 61.29 46.6% 
1880 60 62 53 3 
1881 59.02 44.6 
1882 51.89 54.1: 
1883 45.67 54 
44.45 60 
1885 50.49 58 
1886 55.39 61 
Average..... 54.98 53 


This table shows only the nearest even ten miles, because the aver- 
age was computed save space and time. 

will seen that the average mileage wheels with worn flange” 
very markedly above the average other wheels which fail from wear, 
and even appreciably higher than the average the two select classes 
choice wheels which fail from age” only, e., those which 
show other sign defect their date removal than that 
the too deeply worn (although evenly worn all around) 
permit longer service. This class wheels constitute only very 
small percentage the total drawn from service per 
just old age constitutes very rare cause death among human 
beings, and for precisely the same reasons. requires entire 
absence specific defects structure. 
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alleged disease among human beings which showed somewhat 
higher average age death than the average deaths from old age, 
would not ordinarily regarded very serious matter, nor would 
there any great anxiety decrease the number those who died 
it; and your committee cannot but regard highly significant and 
important fact that this most complete record available (which agrees 
substance with all the others subjoined), the wheels which show the 
very highest mileage, practically, are those which have been drawn 
last because they were suffering from disease which has been sup- 
posed was important cure, worn flange.” 

This especially notable, consider further that (1) there 
much less metal wear away make wheel sharp-flanged than 
make hollow-tread; (2) that hollow-tread wheel has much greater 
bearing surface than one which running flange, which should 
reduce the rate abrasion the greater bearing surface gain, and 
(3) and chiefly, that inspection will naturally much sharper and 
removal quicker with sharp-flanged than with worn tread wheels, the 
latter being sense dangerous defect. 

The following Table No. shows the percentage the various 
causes removal among worn out wheels only, from which will 
seen that the worn flanges are now per cent. such wheels, and the 
worn treads, including worn flat,” per cent. The steady increase 
number sharp flanges notable. 


TABLE No. 


cluding ‘‘slid flat” and ‘‘cracked and broken” wheels) from 
Passenger, Combination, Emigrant, Baggage, Express and Postal 
Cars, Pennsylvania Railroad. 


Passenger,Com- 


Causes OF REMOVAL. bination and 


Per Cent. Each. Mileage 
(Worn Out Wheels only). 


1878-83, 1884-86, 1887, Emigrant. 
| Six years. Three years| One year. 1878-86. 
Shelled out ..... 29.83 17.96 13.15 980 
Hollow tread 4.84 2.73 1.87 810 
Hollow from flange ....... 11.90 9.08 8.42 450 


round-cornered rail radius) was made standard 
the Pennsylvania 1884, and 1884 change fillet radius was 


REPORT RAILWAY WHEELS AND RAILS. 


the wheels excluded from this table, wheels con- 
stituted (probably under very rigorous classification) from 
per cent. the total removals; ‘‘cracked and broken,” only very 
small per cent.; considerably under one per cent.. Wheels fit for 
freight service are also excluded, and constitute per cent. 
the total removals. 

The more important further evidence relative mileage life 
collected your Committee, may summarized follows 

Pennsylvania Company, 1885-86—passenger wheels, 809 miles. 
for sharp flanges, against 460 miles average worn out wheels only. 
Freight wheels, 79.1 months against 90.5 months. Engine wheels, 
296 against 983 average all worn out wheels only. 

Lake Shore and Michigan Southern, 1886—Passenger, locomotive 
and tender cast wheels, 572 miles for sharp against 585. 
for other 

Chicago, Burlington and 


Mileage. Percentage Excess. 
° Sharp flange. Others. Sharp flange. 

Steel tired wheels, 832 615 30.4 

1886 393 570 11.84 

1886 363 109 8.60 
Cast passenger wheels, inches 534 099 60.5 
1886 565 931 10.4 


Life in Months. 


Cast freight wheels, .1885 6.8 
1886 3.3 


further evidence, the Master Car Builders’ Report for 1881 
list forty-two single wheels given for another purpose, eight 
which had sharp flanges, but the mileage the sharp flanged wheels 
was considerably higher than the average those removed for any 
other cause, even the general one, worn out.” 

Your committee know evidence contrary character the 
above indicate that flange-cut wheels ever show low mileage. 
the contrary, appears fact well known those who have given 
attention the matter (although does not seem always have been 
duly considered), that sharp-flanged wheels very high mileage. 

Mr. Ely, Am. Soc. E., General Superintendent 
motive power the Pennsylvania Railroad, says letter subjoined: 


average mileage wheels removed for all causes shows that 
there great difference between those removed for worn tread (or 
‘hollow from flange’) and those removed account worn 

the majority cases, however, these worn hollow from flange’ 
give higher mileage, although some years the reverse was the 
case. 

all cases, however, the average mileage wheels, with these two. 
defects, was much higher than for the other causes.” 
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These notes appear based merely comparison the nine 
years separately. When averaged together, Tables Nos. and 
above, they give the still clearer and more emphatic evidence shown. 

abstract Table No. the percentages for each year sharp 
flanged wheels (in the worn-out wheels only) the Pennsylvania Rail- 
road, which shows still more clearly that the percentage sharp flanged 
wheels has been increasing since the round-cornered standard 
tions 1884 and 1885 were adopted, although that section was adopted 
with the express purpose decreasing flange wear. 


TABLE No. 


PERCENTAGES WHEELS only (Excluding Cracked and 
Broken and Slid Flat Wheels) Removed the Pennsylvania Rail- 
road, 1878 1887, for Worn Hollow Flanges. [Altoona Cast 
Wheels, substantially same composition and quality throughout 
the period covered. 


CLass OF SERVICE. 1878. 1879. 1880. 1881. 1882, 1883. | Average. 
Baggage, Express and Postal... 29.20 24.14 35.19 30.98 16.28 17.23 25.50 
Passenger, Combined and Emi- 

BTONE. 28.57 25.45 27.88 34.03 27.95 22.(8 27.75 
CLass OF SERVICE. 1884. 1885. 1886, 1887. Average. 


Baggage, Express and Postal.......... 


31.67 39.65 39.76 33.70 
Passenger, Combined and Emigrant 22 


2.32 28 05 33.79 33.69 29.46 


view all the preceding, your Committee see escape from the 
conclusion that spite the less bearing surface, the less material 
wear away condemn, and the closer inspection, wheels which are 
wearing sharp flange make, anything, larger mileage than any 
other class wheels, and certainly show appreciably less mileage 
under normal conditions. This rather surprising conclusion, which 
was unexpected every member your committee, necessarily implies 
that the rate abrasion metal from wheels which are wearing sharp 
flange must materially less pounds per thousand miles than 
wheels which are wearing hollow tread, because there smaller 
amount metal wear away have the wheels unserviceable. 
shail shortly see reasons why this should so, both from theory and 
from observations rail-wear, but before doing will desirable 
summarize the evidence statistics the causes sharp flanges. 
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The following causes are all admitted have effect sharp 
flanges, besides addition to, the effect the form the rail 
which under discussion. 


First.—Difference diameter wheels. 
Second.—Trucks out square. 
Third.—Bad quality wheels. 


Bad gauging wheels, unequal loading, etc., are also ad- 
mittedly aggravating causes. 

While the existence these defects undoubted, often inan aggra- 
vated degree, yet there possibility which demands consideration, 
that they may produce sharp flanges when the rails are sharp cornered, 
and not produce them when the rail section fits the fillet the flange. 
view the preceding conclusions the great comparative life 
sharp-flanged wheels, they admitted correct, the question 
loses much its importance, yet those conclusions may not ad- 
mitted, appears desirable examine the probable effect each 
the above causes sharp flanges. 


DIFFERENCE DIAMETER WHEELS. 


probable that few cast-iron wheels, mated one axle, are ex- 
actly the same diameter exactly round. not few cases they 
are slightly out center. others they are different hardness, 
that originally the same diameter, they not remain so. 
others, again, the tread wears irregularly, that the diameters are 
different one position, although the same another. much less 
degree these conditions obtain with steel tired dressed cast wheels. 
Great carelessness often shown mating wheels. 

Mr. Forney, the paper before referred to, demonstrates 
results experiments made with models, that even rectangular 
wheel-base, the wheels are different diameters, there always 
tendency run This tendency becomes very slight when 
the wheel-base long, especially when the difference diameter 
small, but always exists. Mr. Wellington, your committee, 
has repeated these tests with differently constructed apparatus, now 
the possession the Society, with the same result. the wheels 
only one axle are different diameter, while the wheels the other 
axle are equal diameter, probable, although not demonstrated, 
that the tendency run curve will aggravated, for reasons 
which will obvious consideration. 

Whenever there the slightest difference the diameter the 
wheels, therefore, there will exist tendency roll toward one rail, 


REPORT RAILWAY WHEELS AND RAILS, 


which must continuously resisted the flange; other words, the 
flange reaction must continuously slide the wheels laterally the 
rails. The power, energy, wasted thereby will vary with the distance 
slidden through given time, and will ordinarily trifling, but 
the flange pressure reaction will not vary, since takes the same 
pressure pounds slide body infinitessimal distance slide 
greater one; even greater pressure, because the higher co- 
efficient friction. 

There must, therefore, both curves and tangents, large pro- 
portion wheels which are exerting very considerable flange pressure 
against the How large proportion would impossible 
estimate statistically, but this cause for running flange aggravated 
another, which can rudely estimated. 


appears almost self-evident, although your Committee are not 
aware that has been demonstrated, that out square will have 
run flange even the axles are parallel. the axles 
are not parallel, there will certainly such tendency. fit 
the axles run degree curve they need only 
inch out square. Car trucks, especially for freight, are often rudely 
made, without much attempt more minute precision than this, and 
the statistics gathered your Committee afford some measure the re- 
sulting tendency run flange the difference number sharp 
flanges the freight trucks and passenger trucks. 

the Pennsylvania Company lines (Pittsburg, Fort Wayne and 
Chicago) the percentage sharp flanges worn out wheels only only 
per cent. passenger against freight. the Chicago, Bur- 
lington and Quincy, percentage all removals, the figures are 6.4 pas- 
senger against 21.5 freight. The high percentage given for steel-tired 
passenger wheels (47.3) may thrown out account, for our present 
comparative purpose, for reasons given the letter Godfrey 
Rhodes, Superintendent P., subjoined this report. 

Other accompanying data, although not directly comparable, afford 
cumulative evidence the general fact, which all your Committee can 
attempt establish, that with all other conditions approximately equal, 
much larger percentage sharp flanges results freight trucks than 
passenger 

probable that from the continued effect irregular diameters 
and trucks out square, very large proportion the wheels are sub- 
jected tendency run flange away from flange perhaps nearly 
all them, and certainly much larger proportion than finally obtain 
sharp flanges, that one the other these defects the first pro- 
voking cause all sharp flanges. That this clearly indicated 
another fact great importance relation this question, which 
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may now establish, that with very rare exceptions sharp flanges oc- 
cur only one axle and are mated with wheels which wear away from 
flange. 

then other causes combine, such bad quality, bad chill the 
fillet, sharp cornered rails what not, sharp flange results otherwise 
not. After establishing the fact just noted will proceed estimate 
the light which statistics shed each these latter causes. 


Occur ONE WHEEL ONLY. 


far your Committee can ascertain, practically invariable 
rule that only one wheel axle has sharp flange, and far the 
most common rule that the opposite wheel worn away the tread 
from flange. selected mere chance the first example 
series worn sections which came hand, and made decide en- 
tirely different question from that now under consideration, illustrates 
this fact sufficiently well. Out the sixteen sections shown there are 
tive which show some tendency wear flange. every case the 
other wheel the same axle shows equally marked tendency wear 
away from flange. 

the 1883 Master Car Builders’ Convention, Mr. Richard Williams, 
English mechanical visitor, whose experience had been such en- 
title his opinion respect, declared part quite extended dis- 
defy any you say you ever saw two sharp flanges the 

same axle,” and one took the challenge except one member, who 
suggested that the claim was little too sweeping. paper signed 
E., written Mr. Wellington, your Committeé, and pub- 
lished the Railroad Gazette March 27, 1885, this language was 
quoted, and was Modifying Mr. Williams’ challenge 
except wheels which have rendered fuli mileage before condemnation, 
the chances are strong that not single instance can found any- 
where. Certainly, the exceptions are rare merely prove the 

This challenge was taken following issue the Ruilroad Ga- 
zelle (April 10), Mr. Fowle, Inspector the Pennsylvania 
Railroad the Jersey City shops, which stated that found 
that two sharp worn flanges the same axle are very common,” al- 
leging that had found two single lot wheels, but this 
assertion was turn controverted, May 8th, 1885, Mr. Barr, 
Mechanical Engineer (now Superintendent Motive Power) the 

Chicago, Milwaukee and St. Paul Railway, the following words 
was very much surprised the remark made correspondent 
the Gazette April 10th, who says ‘two sharp worn 
flanges the same axle are very common,’ the same apparently being 


the result experience the Pennsylvania Railroad. The following 
rule has long been force this road and onseveral others with regard 
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using second-hand wheels which are good for further service: 
Wheels showing tendency wear the flange should mated to- 
gether also, wheels showing tendency wear away from the flange.’ 
Are not the wheels referred some that have made second run and 
that have been remated accordance with the above rule 

matter fact, would say, after having made this particular 
point one careful observation for ten years, that extremely 
rare occurrence find two sharp much worn flanges the same 
axle the first run the wheels. Two worn flanges the same axle 
have been caused reversing the wheels the truck after one the 
wheels showed considerable flange-wear, but even this often fails pre- 
vent the continual wear the flange that was worn before the wheels 
were reversed. 

well-conducted wheel record that gives the defects condi- 
tions each wheel pair, will show conclusively that the wear 
flanges confined almost exclusively one wheel pair. From such 
record the following figures are given: During the past month forty- 
five wheels drawn from passenger cars have been reported worn flange,’ 
and every case quoted) the mate wheels are reported either 
worn tread worn hollow away from the flange. the accuracy 
these reports, should added that nearly all these wheels have 
been twice inspected, first the men removing the wheels, and secondly 
the general inspector for the whole road. The only exception the 
double inspection for wheels that are found good enough transfer 
directly freight cars without being removed from the 

The conditions shown this months’ record repeats itself month 
after month and year after year, have had abundant means 
proving. 

Without attempting theorize the matter, present the above 
merely and the question shape flanges and rails, which 
now being carefully discussed, too much importance obscured 
facts which apparently bear it, but which, further investiga- 
tion, are found due causes which have bearing whatever 
the questions issue.” 


Mr. Barr gentleman high standing mechanical engineer, 
and his assertions and explanation would appear completely neutral- 
ize the force the inspector’s statement, which the only definite 
claim that two sharp-flange wheels are, practical sense, ever found 


Fig. 3 (on opposite page), illustrates the comparative wear of opposite wheels on the 
same axle. 

It consists ofa series of diagrams, reduced to two-thirds of the original size, prepared by 
Mr. J. Townsend, General Foreman Car Department, Chicago and Alton Railroad, for the 
Congdon Brake Shoe Company, to illustrate the eflect of that device, and not with any 
reference to flange-wear. He says in regard to the sections: 

“The diagram shows the wear of eight steel-tired wheels under Chicago and Alton Bag- 
gage Car 40, which was put into service November 11, 1883, also diagram of eight steel-tired 
wheels under Baggage Car 43, which was put into service November 12, 1833, both cars and 
wheels being new. 

«On the wheels of each car, four Congdon shoes and four common shoes were applied, 
accurate templates being made at the time, and number of each wheel taken on which the 
shoes were placed, and is shown in diagram by the plain line. 

“‘ At the expiration of six months, the cars having been in constant service between 
Chicago and St. Louis, accurate templates of the wheels were again made, which are indi- 
cated by the dotted lines in. the diagram, thus showing the exact wear of the wheels on 
which were placed the Congdon as well as the common shoes.”’ 
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one axle, which your committee have been able ascertain. The 
following has further bearing this question. 

May 29th the same year letter was published from Mr. 
Hawks, Am. Soc. E., Chief Engineer the Michigan Central 
Railroad, which makes the following statements: 


can once settled that the shape the rail has nothing 
with causing sharp flanges, can then proportion our rail get 
the greatest bearing surface for the wheels for each weight rail. 
general master car-builder trunk line writes that 42- 
inch wheels, with standard tires, under the 60-foot cars run- 
ning between New York and Chicago, have made average 188 123 
miles, and flangeamong them. Iam pretty certain that sharp 
flanges are the result having one wheel axle softer than the 
other.’ 

have noticed many sharp flange wheels taken from under freight 
cars, where the wheel having sharp flanges shows much wear the tread 
close the flange, while the other wheel the same axle shows groove 
worn the tread quite distance from the flange. This certainly 
has tendency prove that such cases the sharp flange crowds 
against the rail straight lines well curves, and the wheel 
without the sharp flange runs the outside rail curves much 
the wheel with sharp flange, seems show that the flange worn 
sharp straight lines, and that shape rail-head has nothing 
with causing the sharp flange. 

have the Michigan Central one division, the Canada South- 
ern, remarkable for its light percentage curves. Mr. Bull, 
Master Mechanic that division, says answer inquiry 

find that the twenty-six months ending March Ist, 1885, 
took out wheels from under engines and tenders account sharp 
flanges. This per cent. the total wheels removed for all causes. 
these wheels, were leading engine truck wheels, trailing engine 
truck wheels, leading tender truck wheels, and trailing tender 
truck wheels. But this does not prove that there are more sharp flanges 
leading axles, leave the trailing wheels longer.” 

That the part (if any) played curves causing sharp flanges 
very small, is, think, shown the above report, not disputed 
that the trailing wheels not crowd against the outside rail round- 
ing curves.” 


From all the preceding, well from personal observation and ex- 
perience, your Committee see escape from the conclusion before 
announced, that, with hardly exception, there never but one sharp- 
flanged wheel one axle, the other wheel being rule worn away 
from flange. indicates unmistakably that the primary cause 
flange wear not the rail, but some cause causes which lead the axle 
run more toward one rail than the other. For, since each wheel 
subjected precisely the same rail-wear, the form the rail only 
caused the flange-wear, should expect find each wheel equally 
flange-worn. was partly the rail and partly some other cause, tend- 
ing make the axle run one rail, should expect find both 
wheels somewhat flange-worn, but one wheel much more than the other. 
Only the case that the form and area the normal rail-contact had 
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effect cause flange-wear, and was wholly caused tendency 
the axle run one rail, should expect find one wheel flange- 
worn and the other worn away from flange. This latter having been 
shown the case, the only possible logical conclusion therefrom 
that the form the rail has effect whatever itself cause sharp 
flanges, apart from defects truck wheel make the run out 
true. 


The evidence which your Committee have collected appears indi- 
cate that the quality the wheel has very marked and 
ence the proportion sharp flanges, much that the proportion 


sharp sometimes from four twenty even fifty times 


great with one make wheels with another, the almost invariable 
rule being that the poorer wheels have much the larger proportion 
sharp flanges. This fact also, admitted such, clearly tends 
indicate that the form the rail has very little with sharp flanges. 
For, since both good wheels and bad wheels run over the same rails 
the same kind trucks (in the cars any one road), the wear due 
peculiarities the rail should distributed alike between flange and 
tread. Both flange and tread might expected wear faster bad 
wheel than good one, but there reason why the relative wear 
either part should faster bad wheel than good one. the 
other hand, the most difficult part wheel chill 
the fillet the flange, and but natural that badness wheel 
should show there first. 

The correctness this reasoning supported experience with 
wheels flat.” 

respect such wheels your Committee find that, far the 
evidence which they have been able collect can show, the percentage 
failures from that cause very nearly the same with good wheels 
and bad wheels, although the absolute number much greater with bad 
wheels. expected that any exterior cause wear, acting ex- 
actly alike all wheels, like sliding the form rail, will have the 
same proportionate effect. 

the contrary, the ratio wheels removed for sharp flange 
those removed for worn tread worn out, appears from some evidence 
high character enormously greater with bad wheels than good 
wheels, and your Committee the contrary. 

The best evidence obtained this effect quality elaborate 
statement the wheel removals 1884, makers and causes, the 
New York, Lake Erie and Western Railroad, given the Appendix, 
and abstracted percentages Tables Nos. 6and This statement 
covers 595 removals from 250 973 wheels made twenty-four differ- 
ent makers, which were numbered the mechanical department 
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TABLE No. 


PERCENTAGES WHEELS 1884 for various causes each 
one twenty-four different makes, the New York, Lake Erie 
and Western Railroad, out total 250 973 wheels and 595 
removals; wheels twenty-four different 


(Deduced from the Record Table Appendix.) 


Cuass Best 78.2 per cent. all wheels 


service. 


| 3.5 
Cracked and Broken. $ | =P 
: os | a =8 

a | & n = 
1.2 8.4 0.3 4.8 9.6 76.9 100. 3.85 
9.5 1.7 1.9 22.9 64.0 100. 3.69 

| i } 
0.5 14.9 15.4 0.6 25.9 56.6 100. 7.40 
5.3 10.1 15.4 0.7 4.8 29.7 49.4 100. 300 

2.0 23.2 25.2 0.6 2.6 35.0 36.6 100. 
3.0 20.8 23.8 0.0 1.2 11.3 63.7 100. 8.97 
2.0 12.2 14.4 0.7 2.7 22.3 60.1 100. 4.39 


next Best 17.2 per cent. 
Wheels Service. 


2.4 17.0 19.4 0.0 6.9 20.8 52.9 100 8.21 
2.5 12.2 14.7 0.1 16.1 20.4 48.7 100 14.63 
2.8 33.6 0.1 6.4 21.0 38.9 100 9.26 
1.5 27.9 29.4 0.1 2.9 18.8 48.8 100 10.88 
1.3 9.7 11.0 0.3 23.2 33.2 100 22.50 
3.1 13.8 16.9 0.0 6.1 40.1 36.9 100. 8.23 
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Wheels Service. 
Cracked and Broken. 

0.9 71.9 72.8 0.0 0.0 22.3 4.9 100. 
69.3 62.7 0.0 0.0 23.7 13.6 
10.4 19.6 30.0 0.3 14.2 11.9 43.6 100. 

| 
*16 0.0 0.0 0.0 0.0 0.0 100. 
6.3 21.9 28.2 0.0 21.8 9.4 40.6 100. 
7.9 8.6 16.5 0.0 9.3 59.9 100. 
1.6 22.9 24.5 0.0 4.9 15.6 55.0 100. 
| 
6.0 36.2 42.2 0.0 4.6 17.4 35.3 100. 

90.0 0.0 1.6 7.0 1.4 100. 

5.8 26.4 32.2 0.0 3.3 49.6 14.9 100. 

Average....... 4.4 37.2 41.6 0.0 12.4 20.3 25.7 100. 


Bold face numbers represent makers having from 


wheels each service. 


Starred numbers indicate the 


removals 


tonumber in service. 


Percentage 


20. 


smaller makers, 


viz.: less than 000 service; **, less than 500 service; ***, less 


than 300 service. 


covering the years 1885, 1886 and 1887 have 


been received since the preparation this report and show substantially 


the same facts the records 1884. 


each 
Erie 
595 
eels | 
14.40 
90.50 
35.70 
12.62 
19.10 
76.90 
14.10 
28.90 
0 | 
25.20 
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order relative merit, according their best judgment, without 
thought the bearing the table this particular question. Because 
being thus graded, and because few roads have large number 
wheels from many different makers, and with such careful records 
abstract from, this record has particular interest, The following 
summary the percentages deduced from the table the Appendix, 
given Table No. 


TABLE No. 


the percentages wheels removed 1884 the New 
York, Lake Erie and Western Railroad for various causes. 


Six best Six next Twelve worst Average of all 
makers. best. makers. on road, 
Per cent. of whole number in ser- 

12.2 23.7 37.2 19.4 

Broken and cracked........... 14.2 25°9 41.6 21.8 
rn 0.7 0.1 0.0 0.4 
Sharp flange 2.7 8.2 12.4 5.8 
22.3 21.1 20.3 
Worn flat and worn out........... 60.1 44.7 25.7 50.3 

Total removed .............00 100.0 100.0 100.0 100.0 


Six best Six next Twely e Total. 
makers. best. worst. 
Per cent. of whole number in scr- 

0.09 0.23 0.88 0.15 
0 54 2.60 7.50 1.20 

Broken and cracked.......... 0.63 2.83 8.38 1.35 
Sehlled out 0.03 0.01 0.00 0.02 
Sharp flange 0.12 0.89 2.50 0.39 
Slid flat..... 0.98 2.31 4.10 1.35 
Worn flat and out 2.63 4.90 5.18 3.13 

4.39 10.94 20.16 6.21 


The ratio sharp flanges wheels flat and worn out is: 


Six next best makers.......... 


PERCENTAGE NUMBER SERVICE REMOVED FoR 


se 
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These makers, should always remembered, were not classified 
number sharp flanges, but according their total characteristics, 
for deciding which the number sharp flanges was only one many 
details, and very subordinate one. 

This becomes apparent comparing the single makers; No. had 
4.8 per cent. sharp flanges, while No. had only 1.2 per cent., the 
reason being that No. 1’s wheels were little softer, which gave fewer 
cracked and broken wheels. Not even the percentage total removals 

yas used basis classifications, which latter, examined, will 
seen have been the whole very judicious, allowing more weight 
safety from fracture than any single cause. 

Summarizing the indications sharp flanges little different 
form 

Out 000 wheels removed there were 


Six best makers, sharp flanges. 


1000 wheels Six next best makers, sharp flanges times 


| 
made 
the Twelve worst makers, 124 sharp flanges (4.6 times 


Out 000 wheels service there were removed for sharp 
flanges 
Six best makers, wheels. 
000 wheels Six next best makers, wheels (7.4 times 
made 
the Twelve worst makers, 250 wheels (20.8 times 

This leads the striking conclusion, the extent that one year’s 
removals from 251 000 wheels twenty-four different makers can give 
trustworthy evidence, that the same differences quality have nearly 
twice great effect upon the number sharp flanges upon the 
number cracked and broken, thus 


NUMBER WHEELS CRACKED AND BROKEN AND 
SHARP FLANGES, CAUSED DIFFERENCE QUALITY. 


Comparison percentages wheels removed. 


Broken Cracked Sharp 

only. andbroken. flanges. 
Six best makers, standard comparison..... 1.00 1.00 1.00 
Twelve worst makers............ 2.20 2.80 4.60 


Comparison percentages wheels service. 


Six best makers, standard comparison..... 1.00 1.00 1.00 
Six next best makers............. 2.56. 4.50 7.42 


[The comparison made dividing each percentage removals 
given the summary the main statement the percentage the 
six best makers standing the head the column. 
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This evidence strengthened taken connection with the indi- 
vidual record. Thus, ‘‘No. 16” had his wheels fail for 
sharp flanges, the remaining per cent. having all ‘‘slid flat;” the 
wheels, would seem, being actually not good enough either break, 
erack wear. His immediate neighbors above and below, and likewise 
Nos. and 11, differ from him only degree, but differ considerably. 
All their wheels were too soft. the other hand, Nos. 10, 13, 14, 20, 
and have very small proportion sharp flanges (for such other- 
wise bad wheels), and the reason indicated the excessive number 
cracked and broken. Their badness lay being too hard and brittle. 

These conclusions are confirmed the statistics given the Chicago, 
Burlington and Quincy and other records the Appendix, but 
less clear and decisive way, because their narrower range. Your 
Committee therefore has not deemed necessary analyse them de- 
tail, but simply refer They find nothing any the figures 
which they have gathered which can regarded inconsistent with 
these conclusions. 

Taking all the above figures together, and remembering that the best 
maker makes some bad wheels, would almost seem differences 
quality alone would explain all sharp flanges, without allowance either 
for trucks out square, different sizes wheels effect sharp rail 
corners. This still leaves possible suppose that there would 
sharp flanges even with bad wheels the rail-corners were not sharp, 
except for the fact next considered. 


Your Committee deem appropriate here point out that certain 


proportion sharp flanges perfectly normal and inevitable result 
from the conditions, and case presumptive evidence any defect 
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proportion either rail wheel, even without considering the high 
relative mileage such wheels before determined, nor does appear 
defect its nature curable any mode wear any radius 
rail corner. 

Let suppose wheel running only perfectly straight road, 
and running true that has tendency run away from flange. 
Let make both fillet and rail corner large and identical radius, 
there extra abrading friction results from the fillet contact 
Fig. but only normal rolling wear. The result long service under 
such impossibly favorable conditions will ultimately the worn tread 
a—which gives sharp flange. there the slightest ten- 
dency run flange, and have the more Only 
case tendency run away from flange will the flange sections re- 
main unmutilated. 

Again, suppose the curvature sharp, the truck out 
square, that before any considerable tread wear results the worn, 
and let the fillet and corner radii large and identical before. 
then have the worn tread Fig. and the large corner radius cannot 
help it. 


Again, let suppose even possible distribution the wear 
between fillet and flange, that the wear parallel line with the 
original tread. still have the straight flange wear Fig. and 
resulting thin flange. 

therefore cause for suprise alarm that when worn out 
wheels only are considered, excluding wheels which young” from 
defects, the proportion sharp-flanged wheels large. all wheels 
ran perfectly true the proportion wheels which showed decided 
tendency sharp flange would very large, the above reasoning 
correct, approximating allof them. assume, however, our 
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reasoning indicates, that practically all axles have more less tendency 
run flange one side, this relieves half the wheels tendency 
flange wear and aggravates the other half, and should expect 


with more confidence find full half the wheels, and more, suf- 
fering from flange wear, whatever the radius fillet and rail. The 
statistics herewith presented indicate strongly that when wheels which 
fail from legitimate wear only are considered, excluding failures from 
specific defect, this fact the case, but the surprising and signifi- 
fact that the life the flange-worn wheels does not suffer 
thereby. 


Our investigations far indicate 


First.—That tendency sharp flange natural phenomenon, 
which must exist and does exist all perfect and perfectly running 
wheels, and not eliminated any form rail wheel. 

Second.—That imperfections diameter wheels trucks, 
both, give tendency run one rail the other nearly axles, 
relieving half the wheels flange-wear tendency, and aggravating that 
the other half. 

Third.—-That the quality the wheel then has enormous effect 
the number sharp flanges, causing many more when the fillet-chill 
softer than the tread. 

Fourth.--That when the wheel sound and the quality even, about 
half the wheels get sharp flanges, while this provortion reduced 
the number special defects increases, which cui short the life the 
wheel before worn out. 

Fifth.—That wheels which fail from wear are among the most 
durable all wheels, not the most durable, approximating to, not 
exceeding, the life those which fail from long-continued tread wear 
only, without developing other defect; that appreciable money 
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loss results from wheels running flange instead failing from tread 
wear only. 


remains seen, however, what form rail does most pro- 
long the life wheels which run flange, and what form flange 
does most prolong the life rails. Considerable statistical light 
may thrown this question from various technical observations 
rail-wear curves and tangents which have been made. 


the year 1877 Mr. Wellington, your Committee, made 
investigation the comparative life steel rails the Atlantic and 
Great Western (New York, Pennsylvania and Ohio) Railroad, the results 
which were reported paper published the pamphlet Report 
the Road-masters’ Meeting 1878, and also the Railroad 
1877. These investigations were undertaken for the primary purpose 
determining the comparative wear rails various makes, and extended 
rails all makes all kinds alignment. They were made 
determining the original weights the rail the carload invoices, 
removing the rails from the track and weighing them, taking accur- 
ate section machine made for the purpose, determining the ton- 
nage which had passed over them, and determining the loss per yard 
pounds per 10000000 tons duty. all, 145 steel rails were thus 
computed. The full tabular results are not reproduced here, since they 
can easily referred to. 

1879-80 similar investigation was made the Pennsylvania 
Railroad Dr. Charles Dudley (Transactions Am. Inst. E., 
1880), rails having been used, from level tangents, from level 
from grade tangents and from grade curves. Half the 
rails from curves were taken from the outside rail and half from the 
inside rail, and half each set were selected from the faster wearing 
rails and half from the slower wearing. 

neither these papers was the possibility that the rate wear 
curves might vary with the age, and hence, form the rails given 
any consideration, even alluded to. Apparently the possibility did 
not occur either those conducting the investigation. Both papers 
appear contain conclusive evidence that such the case, however, 
especially when considered together; all the more conclusive because 
was unconsciously collected and embodied tables. 

Your Committee know other investigations the kind this 
country England. Some have been made Germany, which 
has not appeared necessary refer further this report nor study 
detail, since your Committee have reason believe that they corre- 
spond substance with the facts here 

The law rail-wear the outside curves well known. How- 
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ever sharp cornered the rail originally, the flange, time, beds into 
deeply, and wears almost its exact form, shown Fig. be- 
low. The newer the rails the less the area contact surfaces. the 
rail wears the contact area becomes greater, until finally includes 
nearly the whole flange. 

Under these circumstances your committee cannot but regard 
highly significant find these records what certainly appears 
absolute evidence that, while the rail new and the contact areas small, 
the rate rail-wear curves very slow, but increases rapid 
geometric ratio (approximating the square the age tons, ap- 
parently), the rails become more worn. Since action and reaction 
are equal, more rapid rail-wear implies also more rapid flange-wear, 
that the above fact admitted necessarily implies that 
imitate the beginning the conditions which finally obtain from wear 
the outside curves, making the rail corner and fillet fit each 
other from Fig. the reverse good practice. 

The following Tables, No. and give part the evidence which 
these tests have shed. There were these differences between the 
tests: 


First—The Pennsylvania tests were made much older rails, the 
newest being older tonnage life than the oldest the Atlantic and 
Great Western rails. All the curve rails, without exception, were badly 

Second.—The Pennsylvania tonnage had much less proportion 
engines and larger proportion cars than the Atlantic and Great 
Western, did also the tonnage over the Pennsylvania level rails than 
the tonnage over the grade rails. This greatly affected the rate 
tangent wear and curve wear alike, per million tons, making neces- 
sary for comparative purposes equate the observed curve wear 
the Pennsylvania for uniform tangent wear with the Atlantic and 
Great Western, the assumption that the causes, whatever they were, 
which caused the tangent wear vary, caused the curve wear vary 
correspondingly. table contains internal evidence that any error 
this assumption must have been very small, not affecting the very 
marked contrast wear rails different ages appreciably. 

Third.—The Pennsylvania tests included much smaller range 
curvature, covering only and degree curves. 


will seen the following Table No. that without single 
exception which can called such, the effect age increase the out- 
side rail-wear very marked indeed. That was the change the 
form the rail and not the wearing through the skin other cause, 
which caused this difference wear, clearly indicated the follow- 
ing Table No. showing that the tangent rail-wear was more rapid 
the newer than the older rails. 
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TABLE No. 


(ATLANTIC AND GREAT WESTERN) 1877. 


taILs OF Least AGE. OF GREATEST AGE. 


Wear in Pounds per 


7 
Wear in Pounds per = | 
| — —— 
5 526 580 1.24 26 441 000 | 0.85 
6 000 400 1.30 24 788 000 | 0.85 
11 819 800 0.16 21 05u 800 1.05 
259 0.66 574 800 0.82 
14 364 000 1.63 20 574 800 | 0.44 
14 364 000 1.92 20 574 800 | 1.11 
14 364 000 0.63 19 831 000 0.51 
14 364 000 0.90 17 433 300 | 1.09 
14 364 000 0.56 | 
14 364 000 1.84 | 
1.084 Average....| 0.84 


Each these observations includes the average contiguous 
rails, separately weighted and sectioned determine loss. Here there 
sign whatever any tendency increased wear with age tonnage 
duty, but the direct contrary, was still markedly the case with 
the Pennsylvania rails, fact explained largely thé earlier rails 
being far better quality than the latter ones. This same difference, 
presumably, runs through the following statistics curve rail-wear, 
and so, would indicate that the striking increase curve rail-wear 
with age which appears, would considerably greater the effect 
the better quality the older rails could eliminated. 
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TABLE No. 


NAGE AGEs, deduced from tests the New York, Pennsylvania 
and (Atlantic and Great Western) Railroad, showing the in- 
creasing rate wear with age. Corresponding figures from the 
Pennsylvania tests, equated correspond the same rate tan- 
gent wear (0.92 pounds per ton per 000 000 tons duty) added for 
comparison, and extend the range the table. (In both sets 
tests the tangent rails showed the slowest wear for the greatest ages, 
the reverse the curves). 


Age of Railsin Lbs. per yd. per 


Curve. Tons. 10000 000 Tons. 


Average, newer rails............ 0.97 

Average, older rails.......... 642 700 


Two degrees (P. level average 512 400 


446 500 1.04 

Three degrees (P. level average rails).. 998 800 2.75 

Four degrees (P. grade, slower 428 614 2.23 
Four degrees (P. level, rails)............ 000 2.67 
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Age of Railsin Lbs. per yd. per 


Curve. Tons. 10 000 000 Tons. 
Average..... 626 100 1.81 
Average, newer 526 530 
431 300 3.95 
Sixteen degrees....... 000 400 13.00 


Pennsylvania observed rail-wear, owing either differ- 
ence quality rails, the longer trains and less proportion 
engine tonnage, both (probably the latter), showed much 
lower rate tangent rail-wear per million tons the low grades than 
the high and even the high grades than the Atlantic 
and Great Western. the causes which the tangent wear 
would modify the curve wear pro the curve wear was equated for 
the ubove comparative purposes follows: 


Targent Wear per 


Pennsylvania level grades, average... ...... 0.3845 
high grade, slow wear..... 0.540 


That these assumptions (as equating for uniform tangent 
lead correct results indicated measure comparing the 
slower wearing and faster wearing grade curve rails the Pennsyl- 
vania tests, the observed actual wear for which was 1.291 pounds 2.217 
pounds. When multiplied the above ratios they give almost pre- 
cisely the same equated ratio, given above. 

The inside rails corresponding the above outside rails show 
sign increase rate wear from age either series tests. 
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TABLE No. 10. 


OBSERVATIONS the New York, Pennsylvania and Ohio 
(Atlantic and Great Western) Railroad, reclassified from Table 
No. according Age Rails when observed. 


[The wear per 000 tons duty; the duty given the average 
all rails observed. 


or Least AGE. oF GREATEST AGE. 


General Excess for Excess per 
Average. curve. degree. 


Million Pounds Million Pounds 
tons. wear. tons. wear. 


Tangent . 12.1 1.084 20.0 0.84 1.00 
10.0 0.97 20.5 1 1.10 -10 100 
11.4 1.04 16.1 1.66 1.40 -40 133 
12.0 0,41 29.5 2.08 1.66 165 
14.4 2.65 21.8 1.99 2.43 1.43 286 
6.0 1.48 13.0 1.97 1.81 -81 135 
5.5 3.11 16.4 3.95 3.45 2.45 
Average.. 9.9 1.68 19.6 2.15 
6.0 13.00 13.00 12.00 750 
Least AGE. Most AGE. 
| | 
| — Pounds, | — Pounds 
Average total wear per 10 000 000 tons on all curves 
1 to 8 degrees, inClUBiVE......cccessssececeseees 9.9 1.68 | 19.6 2.15 
Deduct tangent wear...... 12.1 1.08 | 20.0 0.84 
Excess of wear per 1000000 tons due to same cur- | 
vature at different ages...........ccscccccccceres 9.9 0.60 | 19.6 1.31 


The concluding lines Table No. indicate that the wear was 
nearly may double fast double the age. 

The conclusions reached above are confirmed independently an- 
other method analyzing these rail-wear tests. far have com- 
pared only rails different age curves the same degree. 
compare the average the rails different degrees with each other, 
are led substantially the same conclusion another road. 

The slippage per 100 feet track due curvature directly the 
degree curvature, and hence the resistance and the rail-wear should 
be, other things being equal. If, however, take lot rails 
substantially the same tonnage age but widely different degrees 
curvature, and compare them together, obvious that the rails the 
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sharper curves will have sustained much larger proportion their 
life, have been much more worn the form the flange, and 
hence, fact that the rate abrasion increases with such wear, 
the older rails should show much more rapid rate abrasion. 

The Pennsylvania tests are too limited range curvature, and the 
rails were all too nearly worn out, admit comparison this basis, 
but the Atlantic and Great Western were all comparatively new and about 
the same age (those the sharpest curves the youngest), and was 
found that with observations taken under these conditions the excess 
curve rail-wear was the square the degree curvature. his 
report these tests (p. 145) Mr. Wellington stated: 


evident from the table that the wear increased considerably 
faster than the degree curvature, and was found that the following 
empirical formula the observed facts (italics quoted) nearly 
any which could devised, viz. 

Extra wear due curvature pounds per yard per 10000000 


And hence, 


wear rails degree curve pounds per yard per 
000 000 tons duty 

the two following lines given the wear according this 
formula, directly opposite the average observed wear, and the closeness 
with which the two correspond can seen. 


Observed rate railwear pounds, per 10,000,000 tons duty, 


curve 
.81 2.45 5.92 12.00 


Computed rate formula 
.75 1.08 1.92 4.32 7.68 


not pretended that this formula strictly correct, even 
theory, but several theoretical considerations indicate that may 
nearly so.” 


remember connection with these figures, (1) that they in- 
both inside and outside rails, only the latter showing tendency 
flange wear; (2) that the rails the sharper curves were much 
younger than the easier ones, that the full contrast had not 
developed, and (3) that the rate tangent rail-wear the same rails 
seemed rather decrease with age, these figures seem your Com- 
mittee strong evidence that the rate rail-wear grows very 
materially greater the rail corner rounded off fit the fillet the 
flange. 

Theory indicates that this should so, because the flange has 
longer bearing the side the rail, does also the following addi- 
tional practical evidence: The old Pennsylvania standard rail was 
sharp-cornered, with radius; the new one has 3-inch radius. 
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These two rails have been examined parallel tangent tracks mem- 
bers your Committee, the old pattern rails being eleven years old 
and the new pattern only one year old. The old pattern has lost con- 
siderably height, but the rail corner even sharper than when rew, 
and there sign flange wear. The new pattern already badly 
flange-worn for fully below the top the rail, the appearance 
being that much metal has been lost off the corner the rail 
top, and the first impression conveyed being that the track wide 
gauge. was found trial that this was not all the case, however, 
but that the gauge was full. 

Some your Committee have also observed that the same thing 
true the round-cornered Lehigh Valley rail. Wherever this 
laid the rail worn far down the side were the outside rail 
curve, whether curves tangents. 

The apparent evidence the experimental records that the radius 
rail-corner which results least abrasion the rail, and hence pre- 
sumably wheel, not over the original corner radius 
the rails tested, and that the radius becomes larger from 
wear, and the fillet and flange contact larger, the rate wear rapidly 
increases. 

also fact well known that your Committee not deem 
necessary establish further evidence than Figs. and above, 
that only the outside rails curves which wear larger radius 
fit the fillet. Whatever the original form, all tangent rails 
wear time very sharpcorner. average the whole United 
States, curves constitute about per cent. the whole mileage, and 
hence outside rails about one-eighth. establish precisely what does 
occur, Mr. Thomas Rodd, your Committee, caused the accompanying 
sections worn rails taken (Fig. 7), explained the Appendix. 

Similarly the fillet radius wheels almost invariably increases with 
wear, even flange-worn wheels (see Fig. 3), and far your Com- 
mittee can ascertain, practically never decreases, even flange-worn 
wheels. With rare exceptions the fillet radius becomes j-inch more. 

That the radii rails and wheels finally become from wear quite 
divergent does not necessarily imply that they should made the 
first place, but does appear imply that difference corner 
radius can have much effect diminish flange wear. 

far, your Committee have considered this question purely from 
the light experience, with attempt determine what theory indi- 
cates. would improper draw any conclusions important 
matter, however, without considering from theoretical point 
view, which now proceed do. 
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Radii the Worn Surfaces Rails service, Pennsylvania Com- 
pany (see Fig. next page). Summary Radii inches. 
ast 
Edgar Thompson steel, 1876, pounds per yard, gravel ballast. 
Corner Radii. 

1.16 

0.71 

0.82 

0.815 

Average.... 0.900 0.876 


Cambria steel, 1875, pounds per yard, stone ballast. 


No. of Corner Radii. 
Cut. ft 


0.63 


Pennsylvania West Virginia State line; degrees, feet; inches 
elevation; stone ballast, Edgar Thompson steel, 1880; pounds per 


yard. 
Outside. Inside. 


0.213 0.24 0.89 
0.310 0.25 1.13 
0.405 0.30 0.51 
0.490 0.31 0.70 


Average.... 0.355 0.275 0.81 


Curve 


Six degrees; Wheeling Junction, inches elevation; stone ballast, 
Edgar Thompson steel, 1880; pounds per yard. 


Outside. 
.418 0.185 0.555 
0.285 0.615 
0.155 0.465 
0.345 1.045 


0.242 
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Fie, 7. 
Radii of Worn Surface of Rails in Service, Pennsylvania Company. 


Tangent Rails. 
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Fic. 7—Continued. 
Radii the Worn Surfaces the Rails Service, Pennsylvania Company. 


Inside and Outside Rails of Curves. 
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THe THEORY THE QUESTION. 


The wheel has been not unreasonably claimed the greatest 
human inventions, and the essence the wheel that its theoretical bear- 
ing surface shall mathematical line point, affording area 
bearing surface whatever. practice this not strictly the case, owing 
the elastic compressibility the surface, but the bearing surface 
always very small, nor can increased advantage making either 
wheel bearing surface more compressible. 

such bearing surfaces the ordinary compression moduli the 
text-books have application whatever. These have been derived from 
experiments upon prisms, which have the same bearing surface their 
greatest section nearly so, and which fail from flowage distortion 
long before the individual molecules the material are seriously in- 
jured. these constants the bearing surfaces spheres, 
cylinders laid their side, draw the conclusion that pressures 
exceeding them are therefore dangerous destructive, entirely unwar- 
ranted. attempt has ever been made, nor can there well be, de- 
termine constants for such round bodies per square inch, but the 
knife-edges large scales, which have angle some degrees only, 
and must and remain practically unworn and load 
000 pounds per inch edge tons) considered good prac- 
tice, nearly much rests wheel. allow for the differ- 
ence between this sharp edge, which sustains continuous load, and the 
flat tread wheel which sustains load for instant only, would 
warrant enormous load per square inch bearing surface. good 
bridge practice considered entirely safe load steel rollers rolling 
steel the equivalent 10000 pounds per lineal inch for 33- 
inch wheel. 

The sphere also has much less bearing surface than cylinder 
the same diameter, for the yet cannon ball rollers render excel- 
lent service bridge work, nor are your Committee aware that they have 
ever been claimed more destructive the bearing surfaces. 
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figures and have two opposite conditions for rolling 
sphere, and certainly will admitted that Fig. shows the best con- 
ditions for least friction and wear, although the bearing surface much 
less. 


Comparative abrasive friction sphere, Fig. with only 
point contact, rolling plane, and Fig. with bearing sur- 
face conforming the form the sphere. 
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Your Committee are not clear that, even consider the top bear- 
ing only, where question consequent rubbing friction comes in, 
can stated without many allowances that increase bearing sur- 
face itself advantage. They cannot regard any means 
self-evident that less wear would result each rail and wheel-tread 
were made foot wide even six inches wide. They are rather dis- 
posed believe that would entirely disadvantageous. 

see why this must consider what causes rail and wheel 
wear. far from true that, has sometimes been carelessly assumed, 
the only wear, the chief wear, results from crushing, either curves 
tangents. There are these three causes for wear: 

First.—Direct sliding wheel rail, such generally admitted 
cause substantially all the extra curve wear. 

Second.—Molecular interlocking the fibres, which the cause 
the wheels revolving instead sliding, and wears and bends the 
fibres their side. 

Third.—Direct crushing and disintegration the fibres from the 
effect the insistant weight. 

these three causes your Committee are decidedly opinion that 
the last much the least important all, and they are led this 
conclusion the fact that seems easy account for much wear 
occurs the first two alone. The wear from the first two most 
certainly not inversely the area, but comes nearer being directly 
the total pressure being the same), brake experiments and 
others may trusted. Take direct sliding wear tangent, for ex- 
ample. Whenever the wheels are different diameter direct sliding 
occurs. takes difference diameter less than inch 

5730 
the truck out square there constant slipping, its 
amount depending the curve which the truck 
the flange impinges either side there further slipping, both lat- 
erally and because the change diameter the wheels. All three 
these causes are continually acting, and often aggravated 
degree. 

The resulting resistance and abrasion comes from the interlocking 
the fibres, and such interlocking the only source propelling 
power, must for the most part without directly crushing down 
the fibres, but simply sliding past them. 

all such friction the wear certainly very largely increased 
having large areas and many fibres contact. brake shoes, for 
example, well known that large shoes have greater holding power 
than small, with the same pressure. long the wheel revolves the 
small frictional surface below affords much resistance 
the larger brake surface, but the moment the wheel stops, the smaller 
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surface below causes vastly less friction than the larger one, and your 
Committee cannot doubt that this chiefly because there are less 
number fibres exposed tearing abrasion, and consequently less 
work done onthem. They see reason why this should not likewise 
the case with all the sliding which takes place from causes noted 
the top the rail. ordinary vehicles, running ordinary roads, 
not considered advantageous increase the width tires more 
than necessary prevent sinking into the surface. While this 
analogy imperfect one, your Committee cannot admit that larger 
contact rolling surfaces, and certainly not rubbing surfaces, results 
any decrease wear, and they see reason for anxious efforts 
accomplish what has never yet been accomplished for any length 
time, bearing surface for the tread extending over the entire top 
the rail. This the assumption that the rolling contact 
cylinder uniform diameter. When include the corner the rail 
and crowning top, resulting different radius rotation, and 
hence introduce rubbing friction, the case becomes still clearer, will 
next considered. 

Fig. (reproduced from Fig. Mr. Forney’s paper, above- 
mentioned, showing the form rail and flange therein 
the tread has radius 16} inches and the lower contact point 
radius about wear proceeds the latter radius will 
become still longer. the greater load rests near the wheel 
will roll that point, and all points contact having different 
will partly roll and partly slide grind continuously. 

simple computation will show that difference the 
4.9 16.5 
much the outside (or inside) wheels must degree curve. 
Hence, the point sliding the rail fast the outside wheel 
would degree curve, and the whole flange contact from 
fast the outside wheel would degree curve. This 
must inevitably produce extra grinding wear, and there the same 
reaction rail against wheel curves all radius (viz., that necessary 
continuously slide the wheels laterally change their 
direction motion), will have tendency approximate the outside 

the other band, there can question that there certain 
minimum corner radius beyond which the corner cannot sharpened 
without destructive wear. produce absolutely square section, for 
example, that the diagonals square section will measure what 
theory requires, impossible even the laboratory. The corners 
become sharp razor, and even the pressure the finger nail, not 
speak car wheel, will abrade them materially change the 
diagonal. car wheel would produce the same effect with corner 


radius any point will cause that point slide 
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quite appreciable radius, and the very least radius which ever 
found old rails under any conditions (see Fig. about nor 
your Committee suppose that any one would maintain that rails 
should rolled less than twice that radius. 

Between the two extreme limits (1) absolutely sharp corner, 
and (2) the same corner radius that the flange fillet, the conditions 
with new rails are represented Figs. and 10, Fig. representing 
the conditions which finally obtain with all rails the outside 
curves. how closely desirable have the rail corner under 
these conditions approximate the fillet radius the question appears 
stand thus: 

When the wheel from any cause tends run against the rail and 
restrained the flange, the forces acting are (1) the vertical component 
gravity; (2) the lateral component from the lateral thrust, whatever 
is; and (3) the resultant these three forces, acting angle more 
less oblique. these conditions the laws mechanies deter- 
mine what must take place. The will mount until rolls the 
corner with the bearing surfaces normal the resultant line 
pressure, and will then remain that position. Whatever the respec- 
tive corner radii, long they differ all, the theoretical line 
contact will point, and the extent that compression the 
material expands this point into line, the bearing surfaces will still 
normal the pressure. the wheel not revolving the plane 
this resultant, there will still certain trifling amount sliding fric- 
tion, but the question is: 

Will there more less grinding friction abrasion under the 
conditions Fig. than under those Fig. 11? certainly seems 
your Committee that there should greatly less, and the rate abra- 
sion should increase when the conditions Fig. are attained and the 
two radii correspond, the statistical facts above given seem show. 

desirable that the corner radii Figs. and should 
nearly alike, differ considerably 

far rubbing friction only concerned there will less wear 
they differ considerably; far crushing action concerned, there 
will less they approach each other. whole, seems probable 
your Committee that the very minimum rate may when the fillet 
and rail radii are nearly alike, but not quite; but that they should 
therefore made the beginning appears more doubtful for the follow- 
ing reasons: 

The evidence seems that under all working conditions the rate 
rail-wear very much less before the conditions Fig. are 
reached than afterwards. therefore desirable postpone the 
attainment such conditions much possible. But the radii 
made nearly alike the beginning have but little metal wear 
away before the conditions Fig. are attained. proportion 
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the corner originally sharper have more. That say, 
take the total metal available for wear the head pounds per yard 
square inch, using for the corner radius: 

3 inch in place of § inch we add 14.08 per cent. to wearing section. 


“ 4 “ 8.05 “ 
“ “ “ 3.35 “ “ “ 


the preceding indications are correct this being very nearly 
the metal slowest wear the wheel head, this serious loss, much 
larger than the above percentages alone indicate, and the question 
which radius will give the lowest rate wear the new rail less im- 
portant than which gives the most metal worn away before the 
conditions Fig. obtain. 

The same reasoning, sound, applies conversely the fillet radius 
flange. The larger this radius the longer will take wear away 
enough metal bring about the conditions Fig. 11. The most usual 
fillet radius some years ago was but has lately been made 
standard the Master Car Builders’ Association, for the supposed pur- 
pose approximating more nearly the form the rail-head, with 
some admitted disadvantage manufacturing, because the smaller the 
radius the more difficult get perfect chill the fillet. 
the preceding deductions are correct j-inch radius rather 
preferred for all reasons, but there particular necessity for having 
any single standard radius, either for rail wheel. 

The preceding report submitted for discussion, before stated, 
order that all errors therein may pointed out, and all available addi- 
tional evidence brought forward before the Committee attempt 
formulate report giving final conclusions, which they hope able 
very briefly. 


Respectfully submitted, 


WELLINGTON, 

Rea, 

Morison, 

Ropp, 
' 


Committee. 


ARCHBALD, 
Jr., 
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DEFECctTs. 


Shelled out ......... 
Comby........ 


Seams 


Worn flange.... ..... 
Hollow at flange .... 
Hollow from flange. . 


DrEreEcTs 


Werte Gat 
Worn flange ........ 
Hollow at flange .... 
Hollow from flinge .. 


Statement showing defects, 


No. 


No. 


Average | 
Drawn. | Mileage. 


| 


1878. 


88 639 
73199 
705 
77 132 
&3 049 
74051 
91129 


1878. 


Average 
Mileage 


average mileage, and percentage 


1879. | 1880. 
Per- No. Average Per- | No. Average Per- 
centage. Drawn. Mileage. centage. | Drawn. | Mileage. | centage. 
1.40 17 47 591 2.91 15 | 53 591 2.79 
1.00 7 75 798 1,20 5 69 350 0.93 
15.00 79 80 969 13.53 64 86 745 11.92 
29.2) 141 90 280 24.14 189 85 508 | 35.19 
8.60 45 81 092 7.71 | 21 79 78L | 3.93 
20.80 428 13.53 318 13.92 
1879. | 1830. 
Per- No. Average | Per- | No. Aver.ige Per- 
centage. Drawn. | Mileage. centage. | Drawn. ‘Mileage. | centage. 
29.2) 363 61287 | 38.01 503 45.66 
1.75 42 46 634 4.40 45 4.08 
0.63 7 87 394 0.73 1l 1.00 
16.54 107 6 11.20 65 5.89 
28.57 243 7s 25.45 307 27.84 
7.89 53 77 5.55 49 4 44 
14.29 104 8 10.89 | 94 8.52 
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; 233 65 877 
228 72176 
63 71 228 
1l4 82 200 
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TABLE 
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Altoona wheels (wheels cracked broken, slid flat, etc., excluded) removed 


Baggage, Express and Postal Cars. 


1881 1882. 1883. 
Per- No Averag No Per- No. | Average Per- No 
centage. | Drawn. Mileage. Drawn centage Drawn. | Mileage. ceutage. | Drawn. 
— 

30.16 117 68 510 14.50 260 63 976 28 60 313. | 21 
125 891 15.49 106 007 11.66 110 
| 0.92 121 31 692 14.90 695 10.45 | 79 51703 19 
| 35.19 250 76 167 148 74 840 16.28 138 71 695 208 
3.93 16 95 305 1.98 37 70 420 4.07 20 68 535 18 
13.92 42 993 5.20 71353 10.67 | 70802 1.11 | 88 

Combination and Emigrant Cars. 
1ks1 1882. 1883. 
Per- No. Average Per- No. Average Per- No Average Per- No. 
centage. | Drawn. Mileage centage Drawn Mileage. centage. Drawn. Mileage. centage. Drawn. 

45.66 300 22.54 51 989 21.90 408 45 671 
4.08 188 612 14.12 128 114 312 
1.00 109 23 200 8.19 143 37 BOT 9.17 64 44 563 | 16 
5.89 o4 57 138 7.06 201 57 781 12.88 102 52 237 | 70 
27.84 453 62 509 34.03 435 69 323 27.95 281 67 723 258 
4 44 38 76 O16 2.85 64 587 5.64 37 49 905 2. 53 
8.52 104 70 997 7.81 201 68 371 12.88 176 68435 | 14.21 153 


removed 


1884. 


No. 


Drawn. Mileage. 


221 65 591 
286 68 222 
| 19 68 56 
| 34 62 5: 
208 78 059 
18 58 835 
88 75 427 
1854. 
No. Average 
Drawn. Mileage. 
281 44 451 


| 312 60 107 
| 16 57 333 


| 70 
258 | 
53 51 272 
153 55 151 


Average 


1885 


Per- No. Average 
centage. Drawn. Mileage. 
25.23 160 76115 
32.65 397 71719 

2.17 31 67 855 
3.88 18 73 728 
23.74 323 73 273 
2 05 20 79 904 
10.05 59 82 850 

1885. 


Per- 


centage. 


No 
Drawn. 


Average 
Mileage. 


Per- 


centage. 


.69 
.92 
.76 
67 


96 


Per- 


centage. 


1886. 


No. 
Drawn. 


Average 
Mileage 


from passenger equipment cars during years 1878 1887, inclusive. 


No. 
Drawn. 


> Per- 
centage. 


188 76 726 15.69 191 
391 72 644 32.64 379 
18 SL SRS 1.50 10 
37 3.09 22 
475 75 367 39.65 454 
17 72 054 1.42 14 
69 75 008 5.76 73 
1142 

1886, 
No Average Per- No. 

Drawn. Mileage. centage. 


55 388 


819 61 741 
27 56 BRL 
72 

718 55 534 
5 46 941 


oF 


199 
310 
19 
698 
73 
219 


2072 


1887. 


Average 
Mileage. 


75 483 
70 369 
88 O74 
78 368 
75 390 
59 866 
70 866 


73 440 


Average 


Drawn. Mileage. 


58 237 
60 924 
62 916 
56 510 
60 919 
37 516 
50 504 


58 624 


Per- 
centage. 


16.71 
33.16 
0.87 
1.92 
39.76 
1.233 


6.30 


Per- 
centage. 


38 
3 
1 
lim 
1887. 
24.31 197 50 493 15.52 241 Le 11.34 9.59 
26.99 | 426 5x 749 33.57 38.54 39.02 
6.06 | 66 56 275 5.20 3.39 2.00 
22.42 356 56 701 28.05 33.79 33.69 
13.24 136 287 10.72 190 10.55 


TABLE 
PENNSYLVANIA 
Statement the total number wheels drawn total condemned for all cause 


Lepress a 
Vol. XIX, 46. Baggage, Express 


1878. 1879. 1880. 1881. 1882. 
Per cent. Per cent. | Per cent. Per cent. Per 
Worn flanges. |Worn flanges. Worn flanges. |Worn flanges.| Worn f 
| 
No. worn 141 189 250 148 
Total drawn........ 1208 12.09 1 8738 7.53 1 808 9.96 3152 7.93 | 2585 5 
Less good wheels fit 
Total condemned for 
all causes...... ees| 813 | 17.96 1 270 | 11.10 1 342 14.08 2 398 19.43 | 2 068 7 
Less sliding......... 313 686 | 805 1 591 1159 
Worn out..........| 500 29.20 584 24.14 537 35.20 807 30.98 | 909 16 
Passenger, 
1878. 1879, 1880. 1881. 1882. 
| 
Per cent. | Per cent. Per cent. Per cent. | | Per 
Worn Worn Worn flanges. Worn Worn 
No. worn 228 243 307 453 
Less good wheels fit | | } 
Total condemned for | | | | 
Less sliding........ 340 084 348 1901 


| 
3 | 


TABLE 


ANIA COMPANY. 


all causes and total worn out, with percentage worn flange wheels each class. 


Express and Postal 


1882. 


Per cent 
Worn flanges. 


1883. 


Per cent. 
Worn flanges. 


1884. 


Per cent. 


Worn flanges. 


48 138 208 
2 535 5.R4 2 465 5.60 2418 8.60 
467 472 457 | 
O68 7.16 1993 6.92 1 961 10.61 
159 2 392 1 085 
909 16.28 sul 17.23 | 876 23.74 
and Emigrant Cars. 
1882 1883 1ss4. 
Per cent. | Per cent. Per cent. 
|Worn flanges |Worn flanges. Worn flanges. 
| 
436 281 | 258 
495 2029 2344 
BR4 8.93 5 705 4.93 § 235 4.93 
560 27.95 1 239 22.68 1 156 22.32 


1885. 


Per cent. 
Worn flanges. 


323 
2 204 14.66 
B34 
1870 17.27 
1020 31.67 
1885, 
Per cent 
Worn flanges. 
356 
6 701 5.31 
1 760 
| 4941 7.20 
3 C72 
1 269 28 .05 


718 
1313 
696 


1886. 18 

Per cent. Pe 

Worn flanges. Wor 
75 21.06 45 
55 2 29 
395 $25 
1 860 25.54 197: 
662 831 
1 198 39.65 1142 

1886. 188 

Per cent. P 

Worn flanges. Wor 


1 


Per cent. 
. Worn flanges. 


23.01 


39.76 


Per cent. 


Worn flanges. 
9.80 
1313 
696 12.25 
624 | 
2072 33.69 


Vol. XIX, 


BURLINGTON AND Quincy 


Year 1885. 


Number of wheels | 
removed 


Number of wheels 
removed for 


Total number 


Per cent. of sharp 


of whesie flange to total 


Make of Wheel. 


| Average month 
| in use for shar; 


sharp flange. other causes. number. flange. 
179 296 475 Griffin 
329 414 20.5 Russell 
18 166 184 9.8 Detroit .... | 7 
41 129 170 24.1 Barnum ........++| 74 
5 311 316 1.5 Griffin & Wells....| 39 
+ 27 31 12.8 46 
5 119 124 4.0 St. Louis ... sont 73 
3 10 13 23.1 Murry .... 61 
2 81 83 2.4 Pullman ..... sone 60 
2 5 7 28.5 B. & O. B. B 87 
69 69 ccs 
90 90 18 other makes; no 
sharp flanges ...; 
2 550 | 9 279 11 829 21.5 a 63 
150 2 258 2 408 6.2 Sc OCCT 42.875 
2 21 23 8.7 20.328 
2 14 16 12.5 Pullman .......... 
2 2 4 Detroit 
1 1 
157 2 298 2 455 6.4 Average..... . 
| | | 
| | 
158 154 312 50.6 99 563 
8 22 3u 26.6 52 912 
12 8 | 20 60.0 Washbarn ........ 42.446 
180 200° 380 47.3 Average 33 inches. 43 832 
Total average ..... 89.241 


| 
q 
4 
— 
| 


TABLE 


Average months | Average months ee a —_ Number of wheels Number of wheels 
flange. other causes. sharp flange. other causes. 
Months. Per cent. 
“eywe 61 57 4 greater. 7.0 greater 2370 8 167 
| 60 54 6 203 74 
— 129 156 27 less ... 20.9 less.... 21 151 
hae | 81 69 12 greater. 17.4 greater 101 400 
eee 7 38 32 84.2 18 267 
74 i7 3 less. .. 4.0 less... 31 184 
39 41 ee * 11 382 
souwl 73 41 32 greater. 78.0 greater 22 121 
61 106 45 less ....| 73.8 less.... 2 14 
60 20 40 greater.| 200.0 greater 4 
87 37 |} 135.1 1 43 
+ eee 44 8 | eee 6 74 
es; no | 209 
cnans's 63 59 4 greater. | 6.8 greater. 2 866 11170 


Cast-Iron WHE 


ELS REMOVED 


FROM Cars. 


Months Per Cent. 
pease 26.841 16.034 greater. 59.7 greater. 212 1 848 
© cece 34.098 13.770 less. ... 67.7 less.... 6 8 
senbes 53.049 4.755 greater. 4.9 greater. 6 5 
— 64.309 29.391 45.7 3 9 

2.547 
> 43.534 27.099 16 435 greater 60.6 greater. 227 1 880 


Trrep WHEELS REMOVED FROM UNDER 


Months. 


Per Cent. 


563 101 263 1.700 1.7 184 146 

§2 912 49.194 3.718 greater. 7.5 greater. 10 16 

mches 43 832 33 615 10.223 greater. 30.41 greater. 218 214 


| 
f 
| | 


Year 1886. 


| Per cent. of sharp 


Average months Average months 
sharp flange. other less. 
Per cent. 
10 537 22.5 61 61 
917 22.1 GriMhn . 63 62 1 greater. 1.6 greater. 
172 12.2 Thatcher ......... 135 165 30 less .... 22.2 less. 
501 20.1 | Chicago.... i 83 82 1 greater. 1.2 greater. 
285 6.3 Detroit .. 72 41 31 75.6 
215 14.4 124 92 32. 34.8 
16 12.5 Te as 92 109 17 less .... 18.5 less. 
25 8.0 OS eee 147 116 31 greater. 26.7 greater. 
229 other makes 
14 036 20.4 Average........ 64 62 2 greater. 3.2 greater. 
| Months. Per Cent. 
2 060 | 10.3 BOSCO .cccccesces| 36.861 | 34.555 2.306 greater. 6.6 greater. 
11 | 54.5 Detroit ..... 6t6m0 | 81.631 14.442 less..... 21.5 less 
| 12 25. Pullman ....... 49.185 28.0 
8 | .. 51.845 
2 Treat ..... 28.556 ose 
2107 10.8 34.931 3.634 greater., 10.4 greater. 
Cars. 
| | 
Months. Per Cent. 
330 55.8 85.682 105.265 19.583 less....} 22.8 
26 38.5 86°308 44.187 42.121 greater. 95.3 
54 22.2 Washburn . ee 75.983 70.371 5.612 “ 7.9 
20 60.0 English spoke..... 34.541 23.998 10 543 * 43.9 
432 50.4 Average 33 inches. 64.393 57.570 6.283 greater., 11.8 greater. 
Total average .....| 82.363 90.109 7.746 less .... 9.4 less 
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TABLE 


PENNSYLVANIA 


Wheels drawn account worn flanges, 1885 and 1886. 


WHEELS. 
Vol. XIX, 


: Worn out. Sharp Flanges. 
7 
Average Average 
drawn. drawn worn Average Mileage 
: Yr. Mo. Da. Yr. Mo. Da. flange. 
| 
WHEELS. 
ENGINE WHEELS. 
| j | | | | | 
WHEELS. 
| | | | | | me 
1886 | 38 74556 |... 14 
WHEELS. 
| H 
WHEELS. 
1885 767 | 73 BOS 182 | T3660 24 
| | | | 
Average all engine 


ig 
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REPORT RAILWAY WHEELS AND RAILS. 


TABLE 


Boston anp ALBANY Company, 1884. 


Wheels Removed from Passenger Service. {| Wheels Removed from Freight Service. 
Cause for Removal. Percentage.|| Cause for Removal. 
| | 
Seamed ....... 2 Bat... cccccccess 67 10.47 
Honeycombed ........ 7 re 163 25.47 
Sand holes... ee 19 7.883 |\Chipped flanges...... 7 1.09 
Worn out.. ar 51 21.161 '|Worn out. .... . 91 14.22 
Broken plat ee 8 | 3.319 ||Chipped tread.. 2 -31 
Chipped tread......... 5 2.075 


REPORT COMMITTEE PROPER RELATION 
EACH OTHER THE SECTIONS RAILWAY WHEELS 
AND RAILS. 


Letter from Ety, Esq., General Superintendent Motive 
Power Pennsylvania Railroad, transmitting Table 


Pa., June 15th, 1887. 


reply your letter regard the percentage wheels removed 
for sharp flanges, have gone back over our records since 1878 and 
give you herewith the information asked for. 

These figures show the percentages for the two classes service 
which comprise the great majority our passenger wheels. 

The number drawn with sharp flanges from locomotive trucks will 
probably show somewhat higher percentage than for passenger cars; 
this, however, due the fact that our inspection somewhat closer 
for locomotive truck-wheels than for passenger-car wheels, their duty 
much more severe. 

The percentages given are for worn-out wheels only, and not com- 
prise those removed from sliding, that were again put service. 
You will note that these percetitages run from 16.28, the lowest, 1882, 
39.65, the highest, 1886. [In 1887, received since, ran slightly 
higher. 

also sent with these statements, the percentages average 
mileage wheels drawn for the different defects named. 

The percentage average mileage wheels removed for all causes 
shows that there great difference between those removed from 
worn tread (or from and those removed account 


' 


REPORT RAILWAY WHEELS AND 


the majority cases, however, those worn hollow from flange” 
give the highest mileage, although some years the reverse was the case. 
all cases, however, the average mileage wheels with these two 
defects was much higher than for the other causes. 

subdivide the wheels these statements into two classes, for the 
reason that the service quite different. service wheels under 
baggage, express and postal cars, which run principally through 
trains with few stops, gives higher average mileage than the wheels 
under passenger, combined and emigrant cars, which run principally 
local trains, making many stops. 

free say that not think you will able make any 
deductions from these statements that will enable you compare them 
with the percentages sharp flanges average mileage wheels 
other roads, for the reason that the service would probably different, 
and feel quite sure from the inquiries that have made that the 
inspection the Pennsylvania Railroad much more rigid than most 
other roads, wheels not being worn closely their limit. 

this connection would say that discussing this matter 
should borne mind that the shape the wheel tread and flange 
cannot easily modified the cross section the rail, for, order 
get even chill the tread and flange, fillet with certain radius 
found give the best results, other things being equal. 

keep record freight wheels. They are made from same 
mixture passenger wheel. 


Second letter from Mr. transmitting Table 


Pa., June 28th, 1887. 


send herewith statement from 1878 1886, inclusive (Table 
printed full) which shows the number wheels drawn for sharp 
flanges; the total number wheels drawn; the percentage all wheels 
drawn except those which were put into service again, and the percent- 
age for worn-out wheels; this latter percentage the same the one 
before sent you. This statement such shape that you can make 
any combination percentages you choose. 

Ido not think, however, that under any circumstances, the wheels 
that were good for further service should used the comparison 
percentages. Many them were removed because the mate was re- 
moved, and not from any fault the wheel itself, and the same way, 
those that were removed from sliding have bearing upon the per- 
centage for sharp flanges. 


Letter Goprrey Esq., Superintendent Motive Power, 
Chicago, Burlington and Quincy Railroad Company, transmitting 
Table 

May 4th, 1887. 
send you with this comparative statement (Table showing 
the number cast-iron wheels removed from our freight-car equipment 
during the years 1885 and 1886; also the number cast-iron and steel- 
tired wheels removed from our passenger equipment for the same years. 

The defects, you will observe, are put under two headings, Num- 

ber wheels removed for sharp flange and number wheels removed 

for other causes. Under the column Make Wheel, show the dif- 
ferent kinds wheels. not know, however, this has any special 
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REPORT RAILWAY WHEELS AND 


bearing the question under investigation. You will observe that 
freight-car equipment the percentage sharp flange wheels removed 
the total number was: 


Under passenger equipment find for cast-iron wheels removed for 
sharp flanges: 


6.4 per cent. 


passenger equipment with steel-tired wheels this figure largely 
increased: 


account for this owing the fact that there are many defects 
cast-iron wheels, such shelled out, seams, chipped rim, worn 
hollow away from flange, which not occur 
wheels. Further, the sliding are very much less with 
steel-tired wheels than with cast-iron. Many more steel-tired wheels 
therefore will remain service constantly subject flange wear than 
with cast-iron. our steel-tired wheels are used mostly under 
heavy equipment fitted with 6-wheel trucks. has been found that the 
middle wheel the 6-wheel trucks, notwithstanding the fact that has 
brake shoes it, wears much more rapidly than either the other 
two pair wheels, and after has made some thousand miles will 
almost always the smallest wheel. think safe saying 
always gives out account flange wear and has turned down 
order preserve safe flange and not account any wear the 

Mr. Scott, until recently Assistant Superintendent Motive 
Power, Chicago and Northwestern, has made some very interesting 
investigations this matter, and lately has been running some his 
6-wheel trucks without any flange the middle pair, and believe with 
perfectly satisfactory results. Some modification has made the 
amount journal-box play, believe. you wrote Mr. Scott 
sure would glad give you the result his investigations. 
now Superintendent the Madison Division Baraboo, Wis. 
show you the proportion cast-iron wheels ruined sliding under 
passenger equipment give you the following figures for 1886: 


Total number wheels drawn, 107. 


227 for sharp flanges...... 
948 other causes....... 


have, comparatively speaking, but very few steel-tired wheels 
passenger service, they are mostly under our Pullman assigned cars, 
fast mail and heavy baggage cars. 
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REPORT RAILWAY WHEELS AND RAILS. 


Letter from Esq., Superintendent Madison Division Chi- 
cago and Northwestern Railway, giving information referred 
close preceding letter. 

Wis., May 17th, 1887. 


investigation developed the fact that with long wheel base 
feet), 6-wheel truck, the center-wheel flanges were cut sharp more 
rapidly than end wheels, and steel tires are expensive, devised 
journal box which made the use center flangeless wheels absolutely 
safe,and then economized follows: When end wheels truck had 
worn flanges sharp, and they had been turned off until next turning 
would leave the tire too thin (less than inches), turned off flange 
entirely, thus leaving face wheel flat, and probably inches 
thick, and would get heavy mileage out this tire located center 
fact, much more than could obtained from with flanges, 
cause when flanges were worn sharp was necessary reduce tread 
thickness from inch secure new flange. frequently the 
case that could not keep the flanges tire and get our 200 000 
miles out same, when making flat, when useless for further 
flange mileage, could get that much more mileage from same tire, 
and think even more, but have not yet used them long enough 
ascertain statistically just how much. impression that where 
wheel trucks are used, one-third maintaining cost can saved using 
flangeless center wheel, the end wheels (where steel tires ones are used) 
furnishing enough tire mileage that would otherwise scraped 
keep them going. 


Letter from Esq., Chief Engineer the 
vania Railroad. 
PHILADELPHIA, June 28th, 1887. 

send you herewith some prints rails lately taken our road, 
showing the actual wear from the original section, which you will 
notice that the round corner the rails, which have been fighting 
strongly for the last ten years, unnecessary, the corners the rails 
actually become sharper use than when they were first laid. 


nature the blue-prints clearly explained the letter 
that has not been deemed necessary reproduce them. They show 
rails much worn top corner radii inches. 


Letter from Apams, Esq., General Master Car Builder the 
Boston and Albany Railroad, transmitting Table 


Mass., February 14th, 

answer your inquiry, have taken the pains search our rec- 
ords reach the information which covers your point. 

You will notice that passenger service wheel was reported with 
sharp flange, which indicates, first, that trucks are kept square and 
good ordinary condition; and second, that the cast-iron wheel for heavy 
passenger service will not last long enough, with reasonable care 
exactness fitting, etc., wear the flange condemned 
for that cause. 

The term broken plate could more properly, undoubtedly, classed 
crooked plates instead broken plates, but this the term used 
the inspectors, and not presume change it. 
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REPORT RAILWAY WHEELS AND RAILS. 


The report wheels with cut flanges removed from freight serv- 
ice interesting showing, the first place, connection with other 
facts presented, the lighter service, indicated the proportion 
worn flat and slid flat wheels comparison with the wheels passenger 
service second, that possible that the trucks generally freight 
service are not adjusted perfectly those passenger, producing 
tendency run the flange. 

The wheels freight service represented broken, may more prop- 
erly classed crooked wheels instead broken, any rate, 
large proportion them, but this the definition the 
defects. 

comparative mileage the wheels removed for the several 
defects, unable give wheels freight service the mile- 
age difficult get and not kept, and the wheels indicated the 
report passenger service had mileage records kept their service. 

You were correct believing that the percentage was small cut 
flanges. 


Letter from General Manager Manhattan Railway. 


New York, April 18th, 1887. 
response yours 11th inst.—During the years 350 
wheels were removed account bad tread and for sharp flange, 
The average mileage for bad tread 514 milesand flange 
082 miles. 


Letter from Esq., Purchasing Agent the Lake Shore 
and Michigan Southern Railway. 


CLEVELAND, O., June 6th, 1887. 
response the first two questions, viz.: Proportion wheels 
removed for sharp Flanges” and ‘‘Comparative mileage wheels 
removed for sharp flanges and for other causes,” beg give you the 
following figures from our records passenger, locomotive, truck and 
tender wheels, removed during the year 1886. 


Number wheels removed for sharp flanges.... 397 12.2 per cent. 
other causes..... 2.864 87.8 


Total mileage wheels removed forsharp flanges.......... 268 153 


183 328 474 


Average mileage sharp flanges..... 


assume the question does not cover freight wheels the guarantee 
given upon them period time, and the fact that they are, large 
portion the time, foreign roads beyond the jurisdiction the 
owner, renders impracticable keep any accurate record the serv- 
ice performed mileage made before removal. 
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REPORT RAILWAY WHEELS AND RAILS. 


the third question, viz.: Comparative number sharp flange 
wheels among steel-tired and cast can make answer, 
have not yet removed any steel-tired wheels sharp 

the proportion sharp are unable give any comparison, 
all our wheels are made from mixture specified ourselves. 


Letter from Barr, Esq., Superintendent Car Department, Chicago, 
Milwaukee and St. Paul Railway. 


West Wis., July 4th, 1887. 


opinion this matter form flanges one great impor- 
tance pecuniary sense, and one which should thoroughly and 
practically investigated. are many elements entering into the 
question, that theoretical investigation liable lead error ac- 
count the difficulty assigning the proper value each the many 
circumstances that affect the result. 

Speaking theoretically, idea has been that correspondence be- 
tween the fillet the wheel-flange and the head the rail would the 
correct construction the wheels should slide upon the 
certainly true for sliding pieces; but the case rolling pieces can 
opinion close correspondence between the fillet flange wheel and 
the head the rail would certainly produce grinding action, which 
would not only wear the flange and rail unduly, but which would also 
have influence the number cars which locomotive could haul. 

Looking the matter this way, appears that form 
tread and flange could designed that would have tendency guide 
the wheel along the track and prevent the flange coming contact with 
the rail all, that improved results might looked for both 
flange-wear and traction. With this object view designed the form 
tread and flange shown the accompanying blue dated June 
30, 1885. The center the rail located the line marked 
ward the outside rim the wheel the tread, for distance inches, 
perfectly cylindrical. Toward the the section the tread in- 
creases diameter for distance with radius inches. 
From this point radius inches used forming the outline 
the tread section, and finally curve }-inch radius extends into the 
curve radius, which continues the point the 

ange. 

not possible say the present writing whether the propor- 
tions given are the best. may that the radius used could still 
decreased advantage. will readily seen, however, from in- 
spection the drawing, that the rise from the center the tread 
the body the flange too much exaggerated, that there will 
tendency hold the wheel one point with reference the rail, and 
wear groove the width the head the rail into the tread the 
wheel, instead distributing the wear over the entire surface the 
tread. This, course, would shorten the life the wheel. Having 
data, however, for guidance, was determined test the tread the 
form shown, and accordingly two chills were made and two wheels were 
cast them daily. These wheels were placed service made, and 
recent review mileage results shown the following statement: 


| 
q 

q 
| 

q 
| 


lange 


rison, 


cago, 


and 
the 
many 


be- 
the 
his 
can 
and 
vhich 
also 
with 
form 
June 

To- 
ches, 
in- 
ches. 
the 
the 


still 
in- 

and 
the 
the 
the 
were 
ind 


Je 


REPORT RAILWAY WHEELS AND RAILS. 


Worn 


Cracked 


Defects. No. of Wheels. Average Mileage. 


Drawn FoR SERVICE. 


Defects. No. of Wheels. Average Mileage. 


[Worn flanges, none; flange” means hollow tread 
flange, not sharp worn flange. 


the matter now under consideration the wheels condemned 
account the defects shelled out and cracked brackets play part. 
Investigating the results given above with view determining 
whether the rise from the center the tread the body the flange 
too abrupt, will observed that there are three wheels condemned 
account worn tread, and that the average mileage, 239 well 
the general average the worn-out wheels. may inferred 
from this that the rise the flange not great confine the wear 
narrow groove the center the tread and produce injurious 
influence the mileage. 

should borne mind that the failures classified under the head 
worn tread, are such that the wear either the middle the tread 
narrow groove uniformly distributed over the tread, dis- 
tinguished from hollow flange. The term hollow flange indicates 
that the principal amount wear close the flange. The outside 
the tread being but little worn, and the flange also being but slightly 
affected, and the term hollow from flange indicates that the principal 
amount wear the outside the tread, that portion the tread 
adjacent the flange being but little worn, and the flange itself being 
often not worn all. 

The proportion wheels worn hollow slight number, 
goes show that there considerable freedom play the wheel 
across the rail and that the rise form fillet the flange not 
great prevent the wheels, under certain circumstances, from break- 
ing and wearing close the flange. the same time should 
observed that there not single wheel condemned account worn 
flange. have made point personally inspect these wheels 
they were returned from service, and case was there sharp 
worn flange, aud the general appearance the tread gave evidence that 
the flange sight had but little with guiding the the rail. 
For purposes comparison may stated that during 1886 ten per 
cent. the worn-out wheels arrived from passenger cars were scraped 
account worn flanges, and the average mileage these wheels 
was 606 miles. 

would not safe make any extended deductions from the 
limited number wheels with fillet described, which record has 
been obtained, but the results are encouraging that has been 
determined extend the use this form tread and the course 
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about two years will doubtless have sufficient figures and data 
come definite conclusion. 

am, however, decidedly the opinion not only from the mileage 
figures given, but also from the appearance these wheels after service, 
that the best results flange wear will obtained designing the 
tread and fillet guide the wheel without bringing the flange into 
contact with the rail. 

With regard radius curvature for edge have not given 
the matter much attention, and have data that would throw any 
light upon this point. 

With regard the effect quality wheels the proportion 
sharp flanges, have not got datain such shape present figures, 
and matter that could not very well presented such way. 
The following, however, are deductions from our wheel records and 
observations 

First.—It the exception find two wheels the same axle both 
wheels having worn flanges. 

Second.—The conclusion from No. is, that curves have little 
with flange wear. 

Third.—The trucks with which have had experience have little 
with flange wear. This conclusion arrived reversing wheels 
the truck when one the wheels begins show flange wear, that 
the worn flange occupies the position the good flange and vice 
nearly every case the wheel with the worn flange continues wear 
the flange. 

wheels differing size are mounted the same axle the 
small wheel almost invariably wears the flange. 

Fifth.—Difference the wearing quality two wheels the same 
axle the main, almost exclusive cause flange wear. The wheel which 
wears most rapidly being forced against the flange; presupposing 
course, fairly good workmanship and mounting wheels. 
make wheels uniformly poor, there will less liability flange 
wear than some have very good wearing qualities with the rest poor. 

the comparative mileage wheels removed for worn flanges and 
for other causes, the mileage under passenger equipment wheels con- 
demned account worn flange, generally little greater than the 
average mileage worn-out wheels (exclusive sliding) condemned for 
other defects. This assertion made from large amount data 
definite character which have not time present. 

comparative numbers sharp flanges among steel-tired and 
remove and true the wheels soon one give definite signs 
wearing the flange, and also remove such wheels and remate, placing 
two wheels showing signs flange wear the same axle and also 
mating together those wheels which have preserved their flanges intact. 
this way wheels the same wearing quality are gradually mated 
together, and the general average mileage increased. 

have now gone briefly over the points referred your 
and regret that have not had time arrange figures re-enforce 
the positions taken. This matter great general 
would like obtain copies what you the matter. 
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